It is well known that diphosphopyridine nucleotide (DPN) can be reduced by sodium dithionite to give a product, DPNH, identical with that obtained by enzymic reduction. DPN can also be reduced by ionizing radiations under special conditions (Swallow, 1953) , but theproduct was found to possess no coenzyme activity when tested with lactic dehydrogenase (Stein & Swallow, 1954) . Barron, Johnson & Cobure (1954) , however, using alcohol dehydrogenase, showed that the product contained some of the active form. The reason for the apparent discrepancy is not yet clear. Sodium borohydride produces a mixture of reduced forms (Mathews & Conn, 1953) .
The mechanism of the various chemical methods of reduction is of interest in connexion with the mechanism of dehydrogenase action, and the observation that dithionite reduction in alkaline solution gives a bright yellow substance instead of DPNH is therefore of particular importance (Adler, Hellstrom & Euler, 1936) . Recently, Yarmolinsky & Colowick (1954;  see also Colowick, 1954) have produced evidence that the yellow substance is not a stable free radical, as was previously thought, but an addition product o( a derivative of dithionite with the pyridine ring of DPN.
In this paper are presented some magnetic data which confirm that the yellow substance cannot be a free radical. Some other properties of the yellow substance are also reported.
METHODS
Magnetic measurements were made by the micromethod of Theorell (1942 Partly purified pig-heart lactic dehydrogenase was kindly given by members of the Biochemistry Department, University of Cambridge.
All chemicals were of A.R. purity.
RESULTS

Paramagnetism of the yellow substance
A solution of yellow substance was prepared by mixing equal volumes of 0016M DPN in 0-3N-NaOH and 0 2M-Na2S204 in 0 3N-NaOH. After standing for 2 min., the solution was aerated for 8 min. to destroy excess Na2S204. Control solutions were prepared containing DPN without Na2S204 and Na2S204 without DPN. Results are given in Table 1 . The mass susceptibility (x) of ferrous ammonium sulphate is 32 x 10-6 and of water -0'720 x 106. Thus, by the additivity law, the mass susceptibility of the calibration solution is calculated to be AA3 -0-693 x 10-6. Hence, 33 scale divisions correspond to a difference in mass susceptibility of 0-027 x 10-6. From this, the mass susceptibility of the aerated Na2S204-NaOH control solution must be -0 736x 10-6.
The molar susceptibility (MX) of a free radical with one unpaired electron is 1270 x 10-6. From the additivity law, allowing for the small diamagnetic contribution of the DPN molecule by means of Pascal's constants (Selwood, 1943) , it is calculated that if the yellow substance had been a free radical its solution would have a mass susceptibility of -0-720 x 10-6 and therefore have given a deflexion of + 5 scale divisions. As the deflexion was -8 scale divisions, unchanged from the control, it is apparent that the yellow substance cannot be a free radical.
Attempts at the further reduction of the yellow 8ub8tance The yellow substance is stable only in alkaline solution. On neutralization it reverts to the oxidized form of DPN (DPN+) and Na2S204 (Hellstrom, 1937 (Swallow, 1954b) .
Irradiation in the presence of 0-5M ethanol but in the absence of air gave qualitatively different results (Fig. 1) (Swallow, 1954b) . Interpretation of the results in detail is not easy, but it is clear that DPNH is not present in any of the solutions prepared by irradiating the yellow substance.
Chemical properties of the yellow 8ub8tance The yellow substance being of interest in connexion with enzyme action, it seemed desirable to test its reactivity with substances of biochemical interest, including especially some of the substrates which are capable of being oxidized or reduced by dehydrogenases.. A .0% -Two 3 ml. portions of a 3 x 10-4M solution of yellow substance were prepared in carbonatebicarbonate buffer at pH 10-3, and, after aeration to destroy excess Na2S204, nitrogen (02-free) was bubbled through to remove oxygen. To one portion was added 0-05 ml. of acetaldehyde that had been neutralized with NaOH. The rates of decrease in optical density at 360 m,u. are shown in Fig. 2 . The ultraviolet absorption curve was measured after the reaction was completed, and it was found that the solution did not have an absorption band at 340 mm. The reaction of the yellow substance with acetaldehyde formed within the solution by the dissociation of the acetaldehyde-sodium bisulphite compound was also investigated, and a somewhat similar result obtained. An attempt was made to detect butane-2:3-diol amongst the reaction products, but none was found. It can be stated that there was less than 10 % of the diol which might have been expected if it had been a reaction product. The full details of these experiments are given elsewhere (Swallow, 1954b) . The reaction of the yellow substance with a variety of compounds was investigated. For each experiment, three samples of 3 x 10-4M yellow substance were prepared, air-free, in carbonatebicarbonate buffer at pH 10-2. Two of the solutions contained the added substance under test at 0-05M concentration, while the third solution was a control to allow for the normal slow decrease in concentration of the yellow substance. The rates of decrease of optical density at 360 m,u. were followed for about 90 min. at 19-23o. None of the following compounds reacted significantly with the yellow substance: ethanol, acetone, formic acid, acetic acid, pyruvic acid, lactic acid, ,-hydroxybutyric acid, succinic acid, maleic acid and cysteine. Glycine was the only substance which definitely reacted (Fig. 2) . The absorption curve after reaction with glycine showed no maximum at 340 mz., proving that DPNH is not a reaction product.
The action of lactic dehydrogenase on the yellow substance The yellow substance was originally prepared in strongly alkaline solution, and it was therefore impossible to determine whether it possessed coenzyme activity (Adler et al. 1936) . Pig-heart lactic dehydrogenase, however, is active at pH 10'2, and has now been used to test the yellow substance prepared at that pH. Fig. 3 shows the result of a typical experiment in which 0-05 ml. lactic dehydrogenase solution was added to a 3 x 10-4M solution of yellow substance in the presence of 3-3 x 10-3M sodium pyruvate (total volume 3 ml.). There is a slow decrease in optical density at 360 m,u. but this may not be significantly greater than the decrease observed when no enzyme was present. Fig. 3 also gives the control curves showing the decrease in optical density at 360 m,. for solutions of yellow substance alone, and for yellow substance with enzyme but no pyruvate.
After 61 min., 0-4 mg. DPNH was added to the solution containing enzyme and pyruvate, and it can be seen that the DPNH is rapidly oxidized, proving that the enzyme was still active in the solution.
A crude estimate based on the spectrophotometrically determined activity of the enzyme against DPNH gave the result that if the enzyme does oxidize the yellow substance (which cannot, of course, be regarded as proved) then it does so at less than 5 % of the rate at which it oxidizes DPNH.
In an attempt to determine whether lactic de- found that for a 3 x 10-4M solution of yellow substance which was I 1 M in lactate, the optical density at 340 m,u. increased slowly when lactic dehydrogenase was present. Interpretation of the result is difficult, as the effect could be due to reduction by the enzyme of DPN+ formed by decay of the yellow substance. The interpretation is further complicated by the fact that a 2-3 x 10-4M DPN+ solution in the presence of 1-1M lactate at pH 10-2 was found to have an absorption curve different from the curve of DPN+ added to that of lactate (Fig. 4) . It must be concluded from Fig. 4 that DPN+ reacts with lactate at pH 10-2. It was found spectrophotometrically that it does not react at pH 7-8. Adler et al. (1936) suggested that the yellow substance obtained by reducing DPN with sodium dithionite in alkaline solution was a stable free radical. This hypothesis was rendered untenable by Yarmolinsky & Colowick's (1954) demonstration that sulphite-free solutions of the yellow substance give one mole of sulphite on neutralization under special conditions. Yarmolinsky & Colowick (1954; see also Colowick, 1954) advanced other evidence which pointed to the conclusion that the yellow substance is an addition compound between DPN and a derivative of dithionite. The demonstration reported here that the yellow substance is not paramagnetic confirms that it cannot be a free radical.
DISCUSSION
It has been shown previously (Swallow, 1954a) that X-or y-rays in the presence of ethanol or certain other substances will, in the absence of air, act as a powerful reducing agent. In particular they will reduce DPN to a form which absorbs at 340 m,., but which does not possess coenzyme activity. The failure to reduce the yellow substance to DPNH or other species absorbing at 340 mui. is therefore compatible with the idea that it is not a half-reduced form of DPN. It should also be mentioned that it has been found impossible to reduce the yellow substance by the palladium-foil technique of Ubbelohde (1949) and Parravano (1951) .
If the yellow substance is not a free radical it is perhaps not surprising that it is unreactive towards several chemical compounds. The lack of coenzyme activity is also to be expected. The incidental demonstration that under appropriate conditions DPN appears to react chemically with lactic acid may be of fundamental interest in connexion with the mechanism of lactic dehydrogenase action.
The demonstration that the yellow substance is not a free radical destroys one of the pieces of evidence that dehydrogenases work by a freeradical mechanism. SUMMARY 1. The yellow substance obtained by reducing diphosphopyridine nucleotide (DPN) with sodium dithionite in alkaline solution is not paramagnetic, and therefore not a free radical.
2. Although on neutralization the yellow substance normally reverts to DPN+ and sodium dithionite, it is confirmed that under special conditions DPNH can be formed.
3. Air-free solutions of the yellow substance in the presence of ethanol cannot be reduced by X-rays.
4. The yellow substance reacts with acetaldehyde and glycine but is otherwise unreactive. It possesses little or no coenzyme activity.
